This study investigated the influence of inorganic salts on enzymatic activity and the removal of trace organic contaminants (TrOCs) by crude laccase from the white-rot fungus Pleurotus ostreatus. A systematic analysis of 15 cations and anions from common inorganic salts was presented. Laccase activity was not inhibited by monovalent cations (i.e. Na + , NH 4 + , K + ), while the presence of divalent and trivalent cations showed variable impact -from negligible to complete inhibition -of both laccase activity and its TrOC removal performance. Of interest was the observation of discrepancy between residual laccase activity and TrOC removal in the presence of some ions. Mg 2+ had negligible impact on residual laccase activity but significant impact on TrOC removal. Conversely, F − showed greater impact on residual laccase activity than on TrOC removal. This observation indicated different impacts of the interfering ions on the interaction between laccase and TrOCs as compared to that between laccase and the reagent used to measure its activity, implicating that residual laccase activity may not always be an accurate indicator of TrOC removal. The degree of impact of halides was in the order of F − > I − > Br − > Cl − . Particularly, the tolerance of the tested laccase to Cl − has important implications for a range of industrial applications. 
Abstract: 26
This study investigated the influence of inorganic dissolved constituents (i.e., cations and anions) 27 on enzymatic activity and trace organic contaminants (TrOCs) removal by crude laccase from the 28 white-rot fungus Pleurotus ostreatus. A systematic analysis of 15 cations and anions from 29 common inorganic salts was presented. Laccase activity was not inhibited by monovalent cations 30 (i.e., Na + , NH 4 + , K + ), while the presence of divalent and trivalent cations showed variable impact -31 from negligible to complete inhibition -of both laccase activity and its TrOC removal 32 performance. Of interest was the observation of discrepancy between residual laccase activity and 33
TrOC removal in the presence of some ions. Mg wastewater-derived dissolved interfering compounds on the removal of TrOCs by laccase has not 87 been fully elucidated. Dissolved organic (e.g., humic substance, organic matters) and inorganic 88 constituents (cations and anions) widely occur in water and wastewater. Therefore, to fully 89 uncover the potential of laccase for the removal of TrOCs, the effects of these constituent ions 90 need to be studied. 91
The aim of this study was to investigate the impact that a range of dissolved inorganic 92 ions impose on laccase including its activity level and its removal of two TrOCs, namely, 93 bisphenol A (BPA) and diclofenac (DCF). The experiment will cover a range of common salts at 94 different concentrations, with the objective of not only representing wastewater streams that may 95 be encountered, but also gaining an understanding of relative ionic influences from which 96 extrapolations can be made to predict the influence of certain wastewater components. The 97 results will allow development of enzyme based treatment systems to be optimised, especially 98 around TrOC removal. 99
Materials and Methods 100

Materials 101
TrOCs and dissolved interfering salts 102
Two TrOCs, namely, bisphenol A (BPA) and diclofenac (DCF) (Sigma-Aldrich, USA) were 103 selected in this study because of their ubiquitous presence in wastewater and wastewater-104 impacted waterbodies. 105 A set of cations and anions, which occur widely in water and wastewater, were selected 106 to test their impact on laccase activity and its TrOC removal performance. 
Analytical methods 133
Laccase activity 134
Laccase activity was measured by monitoring the change in absorbance at 468 nm due to the 135 oxidation of 2,6-dimethoxy phenol (DMP) at room temperature over 2 min using a 136 spectrophotometer (Spec UV-1700, Shimadzu, Kyoto, Japan) (Hai et al. 2009 ). Laccase activity 137 was calculated from the molar extinction coefficient ε = 49.6 /mM.cm and expressed in µM 138 substrate/min. Lignin and manganese peroxidase activity were determined as described 139
elsewhere (Camarero et al. 1999) . 140
TrOC analysis 141
A HPLC system (Shimadzu, Kyoto, Japan), equipped with a Supelco Drug Discovery 142 300 × 4.6 mm C-18 column (5 µm pore size) and a UV-vis detector, was used to measure the 143 is available in the penultimate section of the paper. The relative stability of laccase was reflected 171 in the removal of BPA. On the other hand, Na + and NH 4 + showed 50% and 30% decrease in DCF 172 removal, respectively. Comparatively less impact of cations on BPA removal can be attributed to 173 the fact that it is a phenolic compound which is highly amenable to laccase-catalysed degradation 174 
The divalent cations showed a strong effect at a concentration of 250 mM (Figure 2 ). 218
Therefore, it was interesting to observe their impacts over a lower concentration range. The 219 residual laccase activity in the presence of Mg 2+ appear to be higher than that of the control. 220
Mg
2+ was also found to increase laccase activity in a study by Shankar and Nill (2015) . Further 221 discussion regarding this apparent increase in laccase activity is available in the penultimate 222 section of the paper. 223
In contrast to laccase activity, the removal of BPA and DCF gradually dropped with 224
2+ concentration-increase. Ca 2+ affected laccase activity at 100 mM. However, the effect of 225 However, in the current study, in presence of 1 mM Cu 2+ , BPA removal was down to 10% 247 compared to control, while DCF removal appeared less affected. It is probably because the 248 interaction between BPA and laccase was affected in the presence of Cu 2+ , but not that of DCF 249 and laccase. It is also possible that a different mode of interaction is involved here: Cu 2+ is 250 considered as a pro-oxidant and it can act as a catalytic oxidant which may form a copper-DCF 251 complex, making DCF more amenable to degradation (Yang et al. 2013) . 252
Impact of anions 253
Impact of halides 254
Halides are found in many industrial products and have been associated with significant 255 environmental pollution and toxicity. Compared to Cl -and F -, the impact of halides Br -and I -on 256 laccase have received much less attention in recent literature. Thus, the selection of all four 257 halides in this study fills an important research gap. 258
In a similar approach to that taken with using sulfate salts to assess the impact of cations, 259 the halides were matched with cations such as Na + or K + whose low impact had already been 260 established (Figure 3) . Cl -showed about 20% reduction in laccase activity at a concentration of 261 250 mM (Figure 4) . The extent of laccase activity reduction due to sodium chloride was even 262 smaller than that for sodium sulfate (Figure 3) . Consistent with laccase stability, Cl -effect on 263 BPA removal was negligible. However, up to 40% removal of DCF was observed. In this study, Br -showed no significant impact on laccase activity. The activity dropped 269 by 10% at 1 mM, and then levelled off at 20% for 10, 100 and 250 mM. However, BPA removal 270 efficiency gradually decreased with the increase of Br -concentration. It is noted that the Br -ion 271 was dissolved from potassium bromide. In comparison with the impact of potassium sulfate 272 
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